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Endocrine Disrupting Chemicals

in San Francisco Bay: g
Are we seeing effects in fish?

Jen Hunt, Meg Sedlak, Jesus Reyes, Julianne Kalman and Kevin Kelley

There is growing evidence
that certain compounds known as
Endocrine Disrupting Chemicals
(EDCs) can interfere with the
endocrine system in wildlife and humans. Polychlo-
rinated biphenyls (PCBs), dioxins, 17a-ethinyl-
estradiol (synthetic estrogen found in birth control
pills), and DDT are examples of chemicals present
in the environment that are suspected of interfering
with the endocrine system. Cancer, feminization
of male fish, embryonic mortality and deformities
and other forms of physiological disruption have
all been correlated with elevated EDC levels (Kav-
lock et al., 1996; Matthiesson and Johnson, 2007).
Monitoring has shown that many of these suspected
EDC:s are present in local sport fish and birds. The
next step is to determine if they are present at levels
that could cause effects in local wildlife.

Endocrine disruption — a widespread
problem?

Effects of EDCs have been documented in a
variety of wildlife species around the globe (Mat-
thiesson and Johnson, 2007) — a few prominent
examples are mentioned below. Reproductive
abnormalities and atypical hormone levels in
Florida alligators are suspected to be associated
with EDCs, specifically DDT and dieldrin. These
pesticides have been found in both alligator eggs
and adults (Guillette et al., 2000). In the United
Kingdom, EDCs have been linked to the presence
of genetically male fish with both male and female
reproductive organs (Kirby et al., 2004). In male
rainbow trout living near a Swedish sewage outfall
site, expression of the female egg protein, vitel-
logenin, has been linked to natural and synthetic
estrogen exposure (Parkkonen et al., 2000). Vitel-
logenin expression has also been found in American
leopard frogs exposed to the pesticide atrazine
under laboratory conditions (Hayes et al., 2003).
Correlations also have been made between estrogen
levels and DNA damage of sperm cells in male fish
from southern California (Rempel et al., 2006).

Cause and Effect?

EDC:s have also been detected in the wildlife
of San Francisco Bay. Scientists are now trying to
understand the relationship between EDCs and
specific physical, behavioral, and molecular effects.
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Because it is difficult to find an absolute cause
and effect relationship in environmental systems,
researchers are gathering data to build a case based
on a preponderance of evidence.

In this approach, information from different
research projects — involving various locations, dif-
ferent species, and diverse goals — are used to tip the
balance away from uncertainty and toward increasing
certainty. As uncertainty decreases, we are then able
to target contaminants that put humans and wildlife
most at risk.

The endocrine system and EDCs

EDC:s are chemicals that target the endocrine
system. The endocrine system contains an array of
organs and chemical messengers that are responsible
for regulating many of the body’s basic functions.
Growth, reproductive function, neurological devel-
opment, and metabolism are controlled by the endo-
crine system. Major organs involved in this complex
chemical messaging include the brain, thyroid,
adrenal glands, and male and female reproductive
organs, among others.

EDC:s can disrupt the endocrine system in
a number of ways, including mimicking a natural
hormone that then binds to a cell and triggers an
unwanted cellular response; mimicking a natural
hormone in a manner that blocks a required cellular
response; triggering or blocking hormonal production;
or altering hormone transport or breakdown.

The stress response: the importance of
balance in the endocrine system

The endocrine system is also responsible for
mediating responses to stress in mammals, birds, and
fish. In a stressful situation, a healthy animal will
register a stress signal in the brain. A biochemical
cascade ensues that results in mobilization of the fuel
molecules required by an animal during a stressful
situation — a process often referred to as the “fight or
flight” response. A stressful environment may include
threat of predation, crowding, a sudden change in
environment — such as temperature or salinity — or
chronic poor water quality.
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Mercury Poses
Risks to Waterbirds

in San Francisco Bay

Collin Eagles-Smith and Josh Ackerman
US Geological Survey, Western Ecological
Research Center, Davis Field Station

San Francisco Bay is one of
the Pacific Flyway’s most important
wintering and migrating locales,
annually supporting close to one mil-
lion waterbirds. But this estuary can
also pose risks to the great numbers
of birds that breed and feed along
the Bay’s mudflats, marshes, and
open water.

Mercury in particular is
problematic. The Bay/Delta and
Central Valley watersheds are heav-
ily contaminated with mercury, the
legacy of 19th century cinnabar
(rock containing mercury) mining
in the Coast Range and gold mining
in the Sierra Nevada, where mercury
was used to extract gold from ore.
As much as 30% of the mercury
used in the mining operations was
lost to the environment, and much
of it now lies in the sediments at the
bottom of the Bay. Through a variety
of complex environmental processes,
mercury in these sediments can be
converted by bacteria to a highly
toxic form of the element known as
methylmercury. This type of mercury
readily accumulates in animals that
comprise the aquatic “food web,”
reaching potentially dangerous levels
in top predators, such as waterbirds.
Waterbirds and other wildlife are
highly sensitive to the effects of
methylmercury, which can reduce
egg viability and chick survival.
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Cortisol is one of the body’s main
hormones involved in this stress response.
In addition to releasing fuels, cortisol
influences behavior in animals, and it also
inhibits growth, reproduction, and immune
function in order to conserve energy. The
latter actions may be beneficial during the
onset of a stress response, but it also means
that a chronically stressful environment may
divert energy from processes required for
survival and successful reproduction.

There is increasing evidence that
EDC:s, such as PCBs, can interfere with
this stress response (Quabius et al., 20005
Aluru and Vijayan, 2006). Endocrine
disruption may minimize or eliminate
the biochemical cascade responsible for
cortisol production. This means that dur-
ing stress, such animals will not have the
normal cortisol response needed to orches-
trate the physiological and behavioral
adaptations necessary to help the animal
to survive. New work in San Francisco
Bay indicates similar findings in local fish
populations living in contaminated envi-
ronments, as described below.

Scientists locally and beyond, are
beginning to develop techniques for
measuring this type of endocrine disrup-
tion. Measuring the hormone cortisol in
wild fish is one such “biomarker” that can
be used to assess fish health and identify
populations that may be at risk.

Endocrine disruption
and immune function

Measurements of immune system
impairment can also be used as biomarkers
for the disruption of endocrine function.
Because stressed organisms have less energy
to spend on cellular repair and immune
function, the risk of infection and disease
is increased. In fish, parasites may be seen
as physical manifestations of weakened
defense and immunity. Strong relation-
ships between impaired endocrine function
and parasites have been found in marine
fish from southern California. Fish with
high incidence of parasitism were found
near sewage outfall pipes, suggesting that
water quality and chemical pollutants
could play a role in immune deficiency
and defense (Kalman, 2006a,b).

Are wild fish showing signs
of endocrine disruption?

Scientists are seeing indicators of
endocrine disruption in wild fish along
the California coast. English sole collected
near wastewater treatment plant (WWTP)
outfalls in the Southern California Bight
showed significantly impaired cortisol
responses compared with fish from less
polluted reference sites (e.g., Reyes, 2006).
Similarly, shiner surfperch and Pacific stag-
horn sculpin collected from San Francisco
Bay have also shown significantly impaired
cortisol responses in two out of four sites
sampled (Figures 1 and 2). Cortisol levels
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were suppressed in both species from
Oakland Inner Harbor and San Pablo Bay.
These results suggest endocrine disruption
in the cortisol stress response system of
local resident fish. In southern California,
scorpionfish from WWTP outfall sites
showed reduced cortisol responses associ-
ated with higher incidence of parasitism,
compared with fish from a cleaner refer-
ence site (Figure 3). A full evaluation of
parasitism in San Francisco Bay shiner
surfperch and sculpin has not yet been
conducted. However, parasites were noted
in both species, with surfperch showing
somewhat higher rates of parasitism.

Many suspected EDCs were found
in fish sampled from San Francisco Bay.
Some of the contaminants found in
fish livers included DDE (a metabolic
byproduct of DDT), PCBs, and polycy-
clic aromatic hydrocarbons (pollutants
resulting from the burning of petroleum
products). Preliminary results indicate that
many of the contaminants were higher in
bottom-dwelling sculpin than in open-
water dwelling shiner perch. Associated
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with the higher levels of contaminants in
sculpin appears to be greater magnitude of
endocrine disruption (Figure 2). The RMP
is continuing to investigate the relation-
ships that may exist between chemical
contaminant levels in fish and endocrine
disruption.

As we begin to understand the rela-
tionships between chemical pollutants and
their effects, we are learning how pollutants
are affecting wildlife survival and reproduc-
tion, and the larger impacts these chemicals
are having on general wildlife populations.
Wildlife studies now underway in San
Francisco Bay and the Southern California
Bight are helping scientists understand these
connections. We are beginning to under-
stand the mechanisms of endocrine disrup-
tion, and are developing biological markers
that tell us when endocrine disruption is
occurring. As the weight of evidence builds
and the links between contaminants and
effects are more firmly established, we will
be better able to identify species at risk and
identify those contaminants likely to disrupt
endocrine function.

Berkeley
waterfront

Berkeley San Pablo Bay
waterfront

San Pablo Bay

Figure 1. Plasma concentrations of the hormone cortisol (under stress induced conditions) in shiner surfperch
from San Francisco Bay. Bars show the average concentrations for each site. Cortisol concentrations were statisti-
cally lower at the Oakland Inner Harbor and San Pablo Bay sites indicating disruption of the stress response.

Figure 2. Plasma concentrations of the hormone cortisol (under stress-induced conditions) in Pacific staghorn
sculpin from San Francisco Bay. Bars show the average concentrations for each site. Cortisol concentrations were
statistically lower at the Oakland Inner Harbor and San Pablo Bay sites indicating disruption of the endocrine
stress response. Percent inhibition of the cortisol response in sculpin at Oakland Harbor (vs. Redwood City or
Berkeley) is greater in magnitude than the inhibition seen in the perch in Figure 1.
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Mercury Risks to Waterbirds
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Mercury levels in waterbirds

Current USGS and USFWS research on avian mercury
patterns and effects focuses on four species of birds that com-
monly breed in the estuary: American avocets, black-necked
stilts, Caspian terns, and Forster’s terns.

Avocets and stilts forage on small crustaceans and other
invertebrates in the shallow marshes and mudflats surround-
ing the Bay. Both species of terns eat fish from the salt ponds,
marshes, sloughs, and open Bay. As birds arrive in the estuary
from their wintering grounds, they are fitted with tiny radio
transmitters to track their movements. Their blood is also
sampled to determine mercury levels.

Researchers have found that avocets, stilts, and Forster’s
terns stay relatively close to their capture locations throughout
the pre-breeding time period. This is important information
because it suggests that their mercury exposure occurs over a
relatively small area, allowing researchers to identify “hotspots”
where mercury risk is greatest.

Risks to reproductive success?

Forster’s terns had the highest mercury levels of all
species studied. Concentrations in stilts also were surprisingly
high for a species that feeds on invertebrates (Figure 1); gener-
ally, birds that feed on animals lower in the food chain (such as

increased several-fold from the pre-breeding to breeding time
period, indicating maximum risk coincides with reproduction.
Applying risk thresholds developed for common loons, nearly
60% of breeding Forster’s terns had mercury levels that placed
them at high risk for potential reproductive problems due to
mercury (Figure 2).

Mercury in eggs: evidence of effects

Measuring mercury levels in bird eggs provides important
information on exposure levels to developing bird embyos.
Mercury concentrations in eggs showed similar patterns among
species as observed in blood. Moreover, average mercury
concentrations in Forster’s tern eggs that failed to hatch were
substantially higher than concentrations in randomly-collected,
apparently healthy, eggs (Figure 3). Interestingly, mercury levels
in abandoned eggs were also higher than in randomly collected
eggs, suggesting that elevated mercury levels may reduce the
parent’s nesting effort during the egg incubation period .

After hatching, chicks may also be at risk to mercury
contamination because hatchlings are often exposed to elevated
mercury while still in the eggs. Mercury can interfere with
neurological development and can have a particularly damag-
ing effect on young chicks because neurological development
is rapid and many basic survival techniques are learned in the
first few days of life. Newly-hatched stilt chicks that were found

invertebrates) tend to have lower mercury levels. Additionally,
Forster’s terns entered the Bay with relatively low mercury levels,
but consumption of mercury-contaminated prey had a rapid
and dramatic effect, causing their blood mercury concentrations
to increase more than 3-fold during the 45 day pre-breeding
period. This is cause for concern because concentrations were
still climbing as the birds began to nest, likely increasing mer-
cury deposition into their eggs. Avocets and stilts on the other
hand, overwinter in the Estuary, and their mercury levels did
not change during the pre-breeding time period.

dead had significantly higher mercury concentrations in their
down feathers than randomly selected, apparently healthy chicks
of similar age. Mercury in down feathers of avocet hatchlings
was substantially lower than stilts overall; levels did not differ
between dead and alive avocet chicks.

USGS scientists are continuing their research on avian
mercury effects in the Bay-Delta ecosystem, and much remains
to be learned. However, important facts have already come to
light regarding the ways that Bay-Delta birds are exposed to
mercury and the effects relate to varying levels of exposure.
Clearly, some species are at elevated risk to mercury, and there is
evidence that mercury may be impairing egg hatching success in
Forster’s terns and chick survival in black-necked stilts.

CONTINUED ON PAGE 4 9

A striking — and disturbing — finding was the dramatic
difference in mercury levels between pre-breeding and breed-
ing birds, particularly Forster’s terns. Mercury concentrations
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Figure 1. Mercury concentrations in the blood 10

of common waterbirds in San Francisco Bay.

Forster’s terns have the highest blood mercury °

levels of all birds measured. .

Figure 2. The percentage of breeding water-
Avocet Caspian Tern birds that are at risk for reduced reproductive
success based on their blood mercury concentra-
tions.

Figure 3. Mercury concentrations in randomly
collected and abandoned eggs of three waterbird
species in San Francisco Bay.
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Figure 4. Conceptual model of avian eggs as a L]
Stilt Forster's Tern monitoring tool for determining exposure and re-

productive effects of mercury on waterbirds. Egg 00.1

mercury levels may be used to predict mercury

related risks to multiple avian life stages.
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Can bird eggs be used
@ to predict mercury levels
in various avian life stages?

Bird eggs as a monitoring tool

In addition, researchers are refining the technique of
using waterbird eggs as sensitive tools to determine where
and when mercury contamination is occurring and the risks
it poses to birds at different life stages. Eggs allow research-
ers to chart mercury transfer from female to egg, and from
egg to chick (Figure 4).

7

Maternal Transfer Fail-to-Hatch

Researchers are developing models that link mercury
effects to different levels of exposure. When this informa-
tion is used in conjunction with data on mercury levels in
specific eggs, it may be possible to predict the probability
of nest abandonment, egg hatchability, and chick survival.
This has powerful implications for future monitoring and
risk assessment work throughout the region, and will allow
scientists and regulatory agencies to better evaluate the
impact of mercury on wildlife populations. (o)

Chick Survival

Chick Mortality

The Pulse The Pulse makes the most important information available on water
of the Estuary quality in the San Francisco Estuary accessible to water quality managers,
decision-makers, scientists, and the public.
The 2007 issue focuses on the effect the Clean Water Act of 1972 has had
on Bay water quality.
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